Main Principles of the Atmospheric Air Ecological Monitoring Organization for Urban Environment Mobile Pollution Sources  by Bespalov, V.I. et al.
 Procedia Engineering  150 ( 2016 )  2019 – 2024 
Available online at www.sciencedirect.com
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICIE 2016
doi: 10.1016/j.proeng.2016.07.286 
ScienceDirect
International Conference on Industrial Engineering, ICIE 2016 
Main Principles of the Atmospheric Air Ecological Monitoring 
Organization for Urban Environment Mobile Pollution Sources 
V.I. Bespalov, O.S. Gurova, N.S Samarskaya* 
Rostov State University of Civil Engineering, 162, Socialisticheskaya St, Rostov-on-Don, 344022, The Russian Federation 
Abstract 
The article is dedicated to development of main principles of organization and increase of efficiency of ecological monitoring of 
the state of atmospheric air for urban environment mobile pollution sources. The authors considers the automobile transport to be 
the first of mobile pollution source. In the article the authors give a special role to monitoring of urban environment atmospheric 
air of the cities and offer solution of the problem based on development of main principles of organization of observations of the 
state of the atmospheric air with consideration to the contribution of mobile atmospheric air pollution sources. The importance of 
increase of efficiency of ecological monitoring of atmospheric air of cities is underlined in the article, the results of which further 
form the basis for development of measures on reduction of air pollution and choice of technologies for purification from toxic 
components of exhaust gases of mobile sources. Use of the principles of organization of ecological monitoring suggested by the 
authors is reviewed at the example of the city of Rostov-on-Don. 
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1. Introduction 
Monitoring of the state of environment for any major city is based on carrying out of observations, evaluation and 
forecast of changes on the background of natural processes. A special place in the system of environmental 
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monitoring is taken by control of atmospheric air. Air media of an urban territory is the most vulnerable component 
of environment due to emission of a huge number of contaminating substances from various sources.  
Alongside with industrial enterprises main sources of atmospheric air pollution are traditionally seen in mobile 
sources. As it is known [1], in major cities and settlements contribution of automobile transport into pollution of air 
media amounts to approximately 80% of total emissions. The number of toxic components of automobile transport 
emissions include carbon oxide (II), sulfur and nitrogen oxides, aldehydes, hydrocarbons [2-5]. At that maximum 
number of these substances comes to the atmospheric air at intersections, idle stops at traffic lights.  
Under the conditions of development of urban territories complexity of road networks is increased, the  frequency 
of mode changes of operation of motors of automobile transport rises (due to stops at signal controlled intersections 
and crosswalks for pedestrians) and possibility of atmospheric air pollution with emission of harmful substances 
rises [6-9]. That is why, in our opinion, ecological monitoring of state of atmospheric air should be paid a special 
attention. Organization of efficient monitoring of the state of atmospheric air will allow to obtain and accumulate 
reliable information on the levels of contamination in various areas of the city. Such information in future forms 
basis for development of measures on decrease of air pollution and choice of technology of purification from toxic 
components of exhaust gases of mobile sources [10-11]. 
Presently the existing methods of evaluation of atmospheric air pollution by mobile sources are, as a rule, lengthy 
and time-consuming. In particular, a vast array of data is necessary for correct evaluation of the atmospheric media 
state. Due to that they are actually unsuitable for environment monitoring purposes. 
Existing urban territories atmospheric pollution from mobile sources monitoring system is represented by [12-
15]: 
x system of control of pollutant emissions from idle mobile sources; 
x system of stationary observation stations. 
Stations are located based on preliminary research of the city air media pollution with emissions of stationary and 
mobile sources and conditions of its dispersion [16-18]. At that existing observation stations are mostly oriented at 
monitoring of background and industrial pollution, and recording of pollution of the city’s atmosphere with mobile 
transport sources is practically not carried out. Data obtained by observations of such stations could be used as 
approximate, since it is impossible to evaluate the influence of automobile transport on the city’s atmosphere 
without taking into account indirect characteristics of transport flow. Existing system of control of pollutants 
emission by mobile sources is based on collection of information on the state of a vehicle depending on the motor 
type and used fuel. Each vehicle should undergo annual check-up of components and assemblies at dedicated 
technical examination stations [19,20]. In case of non-correspondence of vehicles to ecological requirements their 
operation is forbidden. Manufacturing of new automobiles is obligatory certified with guarantee of compliance with 
ecological norms at road trip of 80 thousand km. Also daily control of vehicles for correspondence to technical 
parameters before leaving the garage should be carried out at automobile transport enterprises. Access to such 
information is rather difficult, Lists of vehicles which have not passed the control are not published. Opportunity of 
using of such information for analysis of emissions created by vehicles is also rather complicated. As a rule, the 
mark is put on passing/not passing technical examination. At that it is not indicated with which parameters the 
technical examination was/was not passed  by the vehicle. 
Transport flow movement in the city lacks any regular pattern. However in general movement of vehicles has 
certain regularities. These regularities form basis for solution of the problem of ecological monitoring of the state of 
urban environment atmospheric air organization in accounting for mobile pollution sources. 
2. Relevance, scientific importance of the issue with brief literature review 
Ecological aspects of city planning related to organization and carrying out of monitoring of atmospheric air 
mobile pollution sources emissions, of course, are pressing for the majority of Russian cities. These issues are 
examined by many authors, among which are Zyryanov V.V., Soloviev L.P., Krushel E.G., Zelenskaya T.G., V.I. 
Vigdorovich, Gorshkova I.A., Levanchuk A.V., etc. At that the authors view monitoring as a tool for thorough 
analysis and timely discovery of possible trends for changes of the city’s environmental state [1,14,21-23]. In our 
opinion, importance of ecological monitoring rises depending on efficiency of its organization and carrying out. 
Results of efficiently held ecological monitoring, in particular for mobile pollution sources, form basis for further 
2021 V.I. Bespalov et al. /  Procedia Engineering  150 ( 2016 )  2019 – 2024 
decision-making on protection of the atmospheric air of the cities. Such decisions include choosing of ecologically 
efficient and energetically economic methods, means and technologies of purification of emissions from toxic 
components of exhaust gases of mobile pollution sources of atmospheric air of the cities [24]. 
3. Task setting 
In modern conditions of cities development recording of ecological parameters of transport flow at the level of 
one vehicle is not efficient. It turns out that practically all vehicles undergo annual examination, but the quality of 
atmospheric air worsens.  
It is necessary to review the environmental pollution trends from the array of vehicles, either moving or being 
parked. Only taking into consideration of all factors could allow to point out the most relevant factors of transport 
influence. 
In relation to that a necessity arises to develop main principles of organization and carrying out of ecological 
monitoring of the atmospheric air state of urban territories taking into account mobile pollution sources. 
4. Theoretical part 
Development of principles of ecological monitoring of atmospheric air of cities taking into consideration mobile 
pollution sources is carried out on basis of preliminary division into two groups: organizational and technical. 
Organizational principles imply determining of priority places (points) of carrying out of ecological monitoring in 
the urban environment. We suggest to determine such points on basis of transport flow characteristics.  
Degree of air pollution in the city significantly depends on the movement speed and transport flow intensity. For 
passenger vehicles maximum fuel consumption per kilometer happens at low speed. Optimal consumption is at the 
movement speed of 60-70 km per hour. Cargo vehicles have approximately the same consumption rate both on high 
speed (90 km per hour), and low speed (10 km per hour). Speed of approximately 50 km per hour is the most 
optimal for cargo vehicles. For street and road network of the cities, as a rule, the movement speed is relatively 
small, which brings to significant pollution at major highways with high intensity of transport movement. Transport 
flow moves with a certain average speed on the section of the highway which is determined by certain road 
conditions. The meaning of average speed of the flow and hour movement intensity are used as main data to 
determine emissions of toxic components of exhaust gases of vehicles.  
We also take into consideration additional emission of pollutants at intersections of roads related, first of all, to 
signal regulation cycle. With increase of the cycle time the number of stopped vehicles decreases to a certain 
moment, and, consequently, the volume of emissions of toxic components decreases, related to vehicle acceleration 
after stopping. With further increase of the time of the cycle number of stopped vehicles reaches a certain limit and 
changes insignificantly, but at the same time the length of idle operation of motors increases, correspondingly the 
share of idle emissions rises. Total volume of toxic components emissions rises with increase of total fuel 
consumption. Thus, stations of constant control of the quality of air are suggested to be used in places of street and 
road network of the city where by the results of examinations of characteristics of transport flow the supposedly 
maximum emission of pollutants and increase of their maximum allowed concentrations will be evidenced. Such 
sections of highways will be characterized by maximum movement intensity and/or speed reduction at roads 
intersection. For monitoring of the rest part of street and road network we suggest using route and mobile 
observation stations.  
Technical aspect of ecological monitoring carrying out is the choice of the type of observation station and 
technical equipping for obtaining of transport flow characteristics. We suggest using mobile laboratories for 
operative observation of the pollutants content in the surface layer of atmospheric air. We also suggest using, at the 
same time with mobile laboratories, transport detectors. They allow to evaluate transport flow characteristics: 
intensity, density, structure, average speed, etc. Information collection is automated. Via radiomodem it is 
transferred to central office, where it is processed and stored. For full and true picture of vehicles movement in the 
city it is advisable to install transport detectors on all intersections of street and road network. 
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5. Practical importance, suggestions and results of implementation, results of experimental research 
On basis of Rostov State University of Civil Engineering we have tested the principles of organization of 
ecological monitoring of the state of atmospheric air taking into account mobile sources through the example of the 
city of Rostov-on-Don during development of dedicated ecological programme Rehabilitation of Air Basin of the 
City of Rostov-on-Don.
We have carried out on-site investigations of the structure and intensity of transport flows with subdivision by 
main categories of automobile vehicles on the street and road network of the city of Rostov-on-Don. 
Data of on-site investigations have been processed using programme Magistral-Gorod. As a result maps of 
distribution of contaminants in the atmosphere of the city of Rostov-on-Don were obtained. 
Analyzing the obtained maps of pollution we have identified key points of the street and road network, where, in 
our opinion, monitoring should be provided in the first place.  
At the first stage it is suggested to use stations of constant control of air quality in the places where by the results 
of research excess of MAC is seen.  
Recommended location of stations on the street and road network of the city of Rostov-on-Don is as follows: 
x Lenin square (intersection of Lenin street and M. Nagibin avenue); 
x TSGB square (intersection of Tekuchev street, Voroshilovskiy avenue and M. Nagibin avenue); 
x intersection of Tekuchev street and Teatralniy avenue; 
x Oktyabrskaya square (intersection of Sholokhov avenue and Selmash avenue); 
x intersection of Voroshilovskiy avenue and Krasnoarmeyskaya street; 
x intersection of Semashko avenue and Sotsialisticheskaya street; 
x intersection of Krasnoarmeyskaya street and Siversa avenue (near main railway station); 
x intersection of Siversa avenue and Beregovaya street; 
x Stachki square (Stachki avenue). 
For monitoring of the rest part of street and road network we have suggested using route and mobile observation 
posts at the first stage. 
We have chosen as such for the city of Rostov-on-Don Russian-manufactured mobile laboratories PEP 1-1 based 
on automobile GAZel for measuring of slot concentrations and control of content of pollutants ɋɈ, NO2, NO, SO2, 
H2S; O3 and others. 
The same mobile laboratories could be used as part of laboratories of other subdivisions carrying out operative 
observation of the content of pollutants in the surface layer of atmospheric air of residential areas, areas adjoining 
the territories of enterprises having emissions of pollutants into the atmospheric air. 
Data of mobile laboratories, in our opinion, should be used to supplement the picture of atmosphere pollution by 
mobile sources, as well as grounding of installation of additional stationary stations. 
On the second stage we have suggested creation of monitoring system of pollution by mobile sources using 
stationary stations on the whole length of street and road network of the city of Rostov-on-Don. At the rate of 
location of stationary stations every 5 km around 40 stations will be necessary. 
However, use of such system will lead to monitoring of the quality of atmospheric air on the territories adjoining 
automobile roads, without the opportunity of analyzing of the trend between the level of pollution and transportation 
flow characteristics. 
To determine the list of air-protection measures it is necessary to be able to simulate the situation.  
Possible solutions (broadening of roads, traffic lights signaling, one-way movement) could be analyzed by means 
of calculation using programs simulating road conditions and movements conditions. That is why we have suggested 
using transport detectors at the same time with air quality monitoring. They allow to evaluate transport flow 
characteristics: intensity, density, structure of transportation flow, average speed, etc.  
Presently in the city of Rostov-on-Don eight transport detectors Spektr 1 are installed, on the intersection of the 
Krasnoarmeyskaya street and Budennovskiy avenue, Voroshilovskiy avenue, Sokolova avenue. Information 
collection is automated. Via radiomodem it is transferred to central office, where it is processed and stored. 
At the first stage it is suggested to use transport detectors Spektr 1 (or similar) at the most loaded central part of 
the city of Rostov-on-Don. Further installation on all transport junctions influencing the road movement conditions 
is provided for. 
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The number of the most complicated transport junctions of the city of Rostov-on-Don should first of all include 
all intercrossings of main through streets. In total it is necessary to install detectors on 94 intersections at the first 
stage. 
6. Conclusions 
Thus, the principles we suggested for organization of ecological monitoring will allow for increase of its 
efficiency. And the results of observations will become the basis for development of measures on reduction of air 
pollution and choice of technologies of purification from toxic components of exhaust gases of mobile sources. The 
atmospheric air state observation results obtained will also allow: 
x to identify changes upon carrying out of these or that environment protection events; 
x evaluate the efficiency of these events. 
On basis of database forecast of atmospheric air pollution could also be prepared at any stage of the city’s 
development. 
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